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INTRODUCTION
UV damage is a major environmental factor causing skin aging and skin cancer. UV light is composed of UVC (200-280 nm), UVB (280-315 nm), and UVA (315-400 nm). UVB is genotoxic for keratinocytes causing DNA damage directly by the formation of cyclobutanepyrimidine dimers and 6-4 pyrimidine-pyrimidone photoproducts [1] . Furthermore, UVB radiation induces DNA damage indirectly by inducing oxidative stress and free radicals, leading to tumor initiation [2] . Meanwhile, high doses of UVB can induce apoptosis, which plays a defensive role to remove severely damaged cells that can be malignant cells [3] . After cancer initiation, cells can enter the stages of tumor promotion and progression of carcinogenesis. Later, two stages are accelerated by inflammation, reactive oxygen species (ROS) generation and uncontrolled proliferation, rendering the cells In this study, we investigated the protective effects of processed Panax ginseng, sun ginseng (SG) against the UVB-irradiation on epidermal keratinocytes and dermal fi broblasts. Pretreatment of SG in HaCaT keratinocytes and human dermal fi broblasts reduced UVB-induced cell damage as seen by reduced lactate dehydrogenase release. We also found that SG restored the UVB-induced decrease in anti-apoptotic gene expression (bcl-2 and bcl-xL) in these cells, indicating that SG has an anti-apoptotic effect and thus can protect cells from cell death caused by strong UVB radiation. In addition, SG inhibited the excessive expression of c-jun and c-fos gene by the UVB in HeCaT cells and human dermal fi broblasts. We also demonstrated that SG may exert an anti-infl ammatory malignant [4] . In UVB-damaged cells, nuclear factor-κB (NF-κB) upregulates the levels of infl ammation-and proliferation-regulating proteins, such as interleukin (IL)-1, tumor necrosis factor (TNF), matrix metalloprotease (MMP)-1, basic fibroblast growth factor, and some components of the AP-1 family in skin fibroblasts and keratinocytes. UVB is also considered to be a major cause of photoaging, which is characterized by skin wrinkling, laxity, roughness, dryness, and pigmentation. These pathological conditions are caused by keratinocyte proliferation and degradation of collagen fi bers [5] . With an increased incidence of damaging effects from UVB exposure, novel chemoprevention trials and therapeutic strategies are demanded.
Protective Effect of Processed
The Panax ginseng Meyer is a widely used traditional herbal medicine having multi-functional activities [6] . Ginseng has been used for its anti-inflammatory, antioxidant [7] , anti-tumor promoting [8] , and anti-aging [9] activities. Kim et al. [10] reported a new processed ginseng, named as sun ginseng (SG) which was prepared by steaming at high temperature. SG contains different types of ginsenosides such as Rg 3 , Rg 5 , Rk 1 , Rk 2 , Rk 3 , Rs 4 , Rs 5 , Rs 6 , and Rs 7 , which endow SG with more potent pharmacological effects than red ginseng in certain pathological conditions. Various biological activities were reported with SG [11] [12] [13] [14] , however, the protective effect of SG against UVB-irradiation in skin-related problems has yet to be evaluated.
In this report, to elucidate the protective role of SG against UVB-irradiation, we tested SG's anti-cytotoxic, antioxidant, anti-infl ammatory, and anti-aging effects on UVB-irradiated HaCaT human keratinocytes and human dermal fi broblasts.
MATERIALS AND METHODS

Reagents
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and a lactate dehydrogenase (LDH) assay kit were purchased from Sigma (St. Louis, MO, USA). RNAiso Plus, a Primescript 1st strand cDNA synthesis Kit, and a SYBR Premix Ex Taq real time PCR kit were purchased from Takara Bio Inc. (Shiga, Japan). SG extract powder was provided by Ginseng Science Inc. (Seoul, Korea). The SG extract powder was dissolved in DMSO, passed through fi lter paper, and added to the cells at the indicated concentration.
Cell culture
The human keratinocyte cell line, HaCaT (kindly pro- 
UVB irradiation and treatment
Cells were pretreated with different concentrations of SG for 1 h and then replenished with fresh medium. The treated cells were washed with PBS and exposed to a radiation dose of 30 mJ/cm 2 of UVB (290-320 nm) light by a UV meter (UVATEC Inc., Sherman Oaks, CA, USA). After irradiation, the cells were replaced with fresh medium containing different concentrations of SG for 3 d.
Lactate dehydrogenase leakage assay
To assess the effects of SG on UVB-irradiated HaCaT and dermal fi broblasts, cell viability was measured by a LDH leakage using an assay kit according to the manufacturer's instructions. Cells were treated and incubated as described above. The culture media were used as an indicator of the cell membrane integrity. The enzyme activity was measured at 30°C and cell viability is represented as a percentage of control.
Determination of nitric oxide production
Estimation of nitric oxide (NO) production was performed according to the established protocol [15] . HaCaT and dermal fibroblasts were plated into 96 well-plates and incubated. Following incubation, the cell medium was replaced by a phenol red-free fresh medium containing different concentrations of SG for 1 h and exposed to UVB. After 3 d, the culture media were transferred into a new plate and mixed with 20 µL of Griess reagent. To measure NO production, the mixture was incubated for 20 min at room temperature and the absorbance was measured at 548 nm by a microplate reader. The extracellular release of NO was calculated from a sodium nitrite standard curve.
RNA extraction and quantitative real time polymerase chain reaction
Total RNA was isolated by TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. RNA concentrations and purity were determined using NonoDrop ND-1000 (NanoDrop Technologies Inc., Rockland DE, USA). Total RNA was synthesized to fi rst strand cDNA using a PrimeScript 1st strand cDNA synthsis Kit. The cDNA was amplifi ed to estimate the gene expression level by quantitative real time polymerase chain reaction (PCR). PCR reactions were performed using a SYBR premix Ex Taq kit and conducted using a Takara dice real time system. All mRNA levels were normalized using the GAPDH mRNA level as an internal control. The primers used in amplification are shown in Table 1 .
Statistical analysis
The experiments were carried out three times for each sample. Data were expressed as mean±SD (n=3). Statistical analyses were performed using a Student's t-test. Differences were considered signifi cant at 
RESULTS
Sun ginseng has a protective effect against UVBinduced cell damage
UVB exposure causes DNA damage by producing pyrimidine dimers, eventually leading to cell death in human epidermal cells [16] . To determine the preventive effect of SG on cell damage, we measured LDH levels in UVB-irradiated HaCaT cells with or without SG pretreatment for 3 d. As shown in Fig. 1A , UVB-irradiation increased LDH release markedly by 80% in HaCaT cells. SG pretreatment inhibited UVB-induced LDH release in a dose-dependent manner, up to 27.8% at 50 µg/mL as compared to the UVB-irradiated control. When this assay was performed under the same conditions for human dermal fi broblasts, similar results were obtained, with a 32.4% decrease at 50 µg/mL pretreatment of SG (Fig. 1B) .
UV irradiation induces apoptosis by down-regulation of the bcl-2 family, anti-apoptotic regulators, in the human epidermis [17] . Overexpression of bcl-2 or bcl-xL prevents cells from apoptosis induced by various stimuli including UV radiation [18] [19] [20] . To examine the effect of SG on UV-induced apoptosis, we exposed UV-irradiation on keratinocytes and fi broblasts with or without pre-treatment of SG for 3 d and observed bcl-2 and bclxL mRNA levels by a real-time PCR analysis. By UVB exposure, the anti-apoptotic bcl-2 mRNA was reduced by 80% in HaCaT cells, as expected (Fig. 1C) . Ten µg/ mL of SG pre-treatment restored bcl-2 mRNA expression by 37.5 % compared to the UVB-irradiated control, whereas 50 µg/mL of SG pre-treatment restored the bcl-2 mRNA level almost to the non UVB-exposured control (NC) level (Fig. 1C) . We further tested whether the mRNA level of bcl-xL, another bcl-2 family member was also restored by SG pre-treatment in HaCaT cells (Fig. 1D ). In the dermal fibroblast, the anti-apoptotic bcl-2 mRNA level was reduced by 55% after UVBexposure compared with the normal control (Fig. 1E) . Under the same conditions as above, SG (10 and 50 µg/ mL) dramatically increased bcl-2 expression by 66.7% and 133%, respectively, compared to UVB-irradiated control (Fig. 1E) . UVB irradiation also decreased the bcl-xL mRNA level, and this down-regulation was effi ciently relieved by 50 µg/mL of SG pre-treatment up to 125% as compared with the UVB-irradiated control in fibroblast (Fig. 1F) . Consistent with the results for HaCaT cells, UVB irradiation significantly decreased the bcl-xL mRNA level in dermal fi broblasts. As shown in Fig. 1F , 2, 10 and 50 µg/mL SG pre-incubation showed 37.5, 50 and 125% increases as compared to the UVB-irradiated control in the dermal fi broblasts. Altogether, these data indicate that SG is a highly effective in the prevention of UVB-induced damage and cell death in keratinocytes and fi broblasts. CGGTGCTGTATTTCCTTACGAGGCGAAGAAGG  ACTCTGCTCAGTTTCGCCCT  ATGTCTCAGAGCAACCGG  GGATCAAGGCGGAGAGGAAG  GGAGAATCCGAAGGAAAGG  TGCACCACAGTTTAAACCCA  GTGGTTACTACTGGATTGACC  CGACTCTAGAAACACAAGAGCAAGA  CAGCCTCGTCCCGTAGACAAA   GGTGCTGTCTGTTAGGAGGTCCAAGTAAAGGGC  TTGTGGCTCAGATAGGCAC  TCTTTCCGACTGAAGAGTG  GCGTTAGCATGAGTTGGCAC  GCTTGGGCTCAGGGTCATTG  GACTCCTTCAGGTGCTCAGG  TTGCCAGTCTCCTCATCCAT  AAGGTTAGCTTACTGTCACACGCTT  CACGACATACTCAGCACCGGC iNOS, inducible nitric oxide synthase; TNF, tumor necrosis factor; MMP, matrix metalloprotease; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
Sun ginseng decreased c-jun and c-fos expression in UVB-irradiated keratinocytes and fi broblasts
Irradiation of HaCaT cells with UVB induces gene expression of c-fos, a member of the AP-1 protein family of transcription factors [21] . In order to assess the role of SG in the regulation of c-jun and c-fos expressions, mRNA levels were measured by a real-time PCR analysis in UVB-irradiated HaCaT cells with or without SG pre-incubation. As shown in Fig. 2A , UVB signifi cantly increased the c-jun mRNA level; in contrast, SG pretreatment (10, 50 µg/mL) decreased the c-jun mRNA by 26.5 and 53%, respectively, as compared to the UVBirradiated control. Also, UVB exposure increased c-fos mRNA signifi cantly and SG pre-treatment (2, 10, 50 µg/ mL) showed 25.7, 30, and 72.9% decreases as compared to the UVB-irradiated control (Fig. 2B ). In the dermal fibroblasts, we observed a similar pattern: the increased cjun mRNA level by UVB-exposure was reduced by 34% and 46.7% with 10 and 50 µg/mL of SG pre-treatment, respectively, as compared to the UVB-irradiated control (Fig. 2C) . c-fos mRNA expression was significantly increased by UVB-irradiation, but reduced by SG pretreatment dose-dependently, showing a 73.3% decrease at 50 µg/mL of SG, as compared to the UVB-irradiated control (Fig. 2D) .
Sun ginseng has potent anti-oxidative and antiinfl ammatory eff ects on UVB-irradiated keratinocytes and fi broblasts UVB exposure stimulates production of the proinflammatory cytokines such as interferon (IFN)-gamma, IL-6, and TNF-α, and prostaglandins which are implicated in progress of carcinogenesis [22] . These cytokines, as well as oxidative stress, stimulate gene expressions of inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2 via NF-kB activation resulting in NO synthesis and infl ammation. To examine SG's effect on UVB-induced inflammation, we measured NO production using Griess reagent. Stimulation with UVBexposure increased NO production by 48% in HaCaT cells. SG was observed to dose-dependently decrease NO production up to 30% as compared to the UVB-irradiated control (Fig. 3A) . In dermal fi broblasts, 2, 10, and 50 µg/ mL of SG was observed to dose-dependently decrease NO production by 11.4, 32.9, and 37.1% as compared to the UVB-irradiated control (Fig. 3B) . We further tested whether SG can prevent UVB-induced gene expression of pro-infl ammatory molecules by a real-time PCR analysis. Results demonstrated that pre-treatment of SG led to a signifi cant decrease in UVB-induced infl ammatory gene levels. Pretreatment of 2, 10, and 50 µg/mL of SG pre-treatment signifi cantly downregulated UVB- induced iNOS mRNA synthesis by 12.5, 37.5, and 50% as compared to UVB-irradiated HaCaT cells (Fig. 3C) .
In dermal fi broblasts, UVB induced a 140% increase of the iNOS mRNA level as compared to NC and SG dosedependently (2, 10 and 50 µg/mL) caused 20.8, 35 .4, and 60.4% reductions of iNOS expression (Fig. 3D) .
Pretreatment of 2, 10, and 50 µg/mL of SG was observed to decrease TNF-α mRNA levels by 31.3, 62.5, and 80% (Fig. 3D) , and also COX-2 mRNA synthesis by 20, 33.3, and 46.7% (Fig. 3F) , respectively, as compared to UVBirradiated HaCaT cells. 
Sun ginseng increased procollagen gene expression by decreasing matrix metalloprotease-1 expression in UVB-irradiated dermal fi broblasts
Dermal fi broblasts were pretreated with the indicated concentration of SG and then exposed to UVB for 3 d. As shown in Fig. 4A , UVB significantly decreased the procollagen mRNA level by 50% as compared to the normal control and SG dose-dependently (10 and 50 µg/mL) caused 40% and 70% recovery of procollagen expression. The degradation of procollagen is mediated by MMPs, which are zinc-dependent proteases secreted from fibroblasts. We further investigated whether SG affects the MMP-1 activation by UVB through an evaluation of the MMP-1 mRNA level by a real time PCR analysis. Consistent with other studies [23, 24] , UVB signifi cantly increased the MMP-1 mRNA level, and 2, 10, and 50 µg/mL of SG dose-dependently decreased the MMP-1 gene expression by 16.9, 43, and 63.1%, respectively as compared to the UVB-irradiated control (Fig.  4B) . These data suggest that SG could protect the loss of collagen in human dermal fi broblast induced by UVB exposure.
DISCUSSION
Although ginseng has been used as an effective agent with protective and curable roles in a variety of diseases, processed ginseng, SG has not been studied for its protective role against UVB-induced damage. We examined the effects of SG on the regulation of gene expressions of the key molecules involved in UVB-induced cell damage in human skin keratinocyte and human dermal fi broblast.
Our data from a LDH leakage assay and measurement of apoptosis in two different cell lines show that SG has a protective role against UVB-induced cell damage, suggesting some potential activity in facilitating skin dermis regeneration (Fig. 1A) .
Our study also demonstrates that SG protects against UVB-induced apoptosis in keratinocytes and fi broblasts by showing that downregulated mRNA levels of bcl-2 and bcl-xL from UVB irradiation were restored by SG treatment. Overexpression of anti-apoptotic factors, bcl-2 or bcl-xL, prevents apoptosis of cells induced by various stimuli including UV radiation [17] [18] [19] . Rieber and Rieber [20] reported that N-acetylserine enhances UVinduced apoptosis by inhibiting ectopic bcl-2 expression. Also, baicalin protects mouse epidermis against UVB irradiation by up-regulating bcl-2 expression [25] . This protective role against UVB-irradiation was also reported other naturally occurring agents. Ginseng components decrease UVB-induced cell damage by increasing DNA repair and decreasing apoptosis in human skin [26, 27] . In addition, inositol hexaphosphate (IP6) protects UVBexposed cells from apoptosis by cell cycle arrest in the G1 and G2/M phases and by inactivation of caspase-3 [28] . Also, some reports showed that IP6 protects mice from UVB-induced tumors [29] . Pomegranate (form Punica granatum) or sesamol (from Sesamum indicum) exert regeneration against UVB-induced cell damage in fi broblasts [30, 31] .
Although high dose UV-exposure induces apoptosis to prevent the regeneration of DNA-mutated cells, UVB also induces cell proliferation directly/indirectly by increasing AP-1 activity in human dermal fi broblasts [ 32, 33] and human keratinocytes [34, 35] , which may be responsible for the malignancy of DNA-damaged cells. The AP-1 family includes c-myc, c-jun, and c-fos that form intracellular complexes associated with transcriptional control elements such as AP-1 sites. It is reported that c-jun and c-fos are predominant molecules of transcription factors mediating gene expression induced by UVB irradiation. Several studies have shown that UVB induces c-jun and c-fos expression in keratinocyte cell line as well as in dermal fibroblasts [21, 32] . Glycolic acid derived from fruit and mild sugars, has an inhibitory effect against UVB-induced AP-1 activation in HaCaT cells [36] . UVB exposure induces a release of free radicals such as NO and superoxide (O 2 -) in human keratinocytes. NO is synthesized by NOS from L-arginine and reacts with O 2 -to produce peroxynitrite (ONOO -), which accelerates apoptosis by potent oxidative effi cacy. Skin keratinocytes comprising 90% to 95% of cells in the epidermis induce iNOS expression after UV irradiation [37, 38] and iNOS may play a role in NO production in the late phase post-UVB. Previous studies have shown that NO production and iNOS gene expression are affected in UV-exposed fibroblasts [39, 40] . Lu et al. [40] reported that NO production and iNOS expression are increased dose-dependently by UV-exposure and iNOS-mediated oxidative stress plays a role in the regulation of eIF2 alpha phosphorylation, leading to apoptosis upon UV irradiation in human primary cutaneous fi broblasts.
Korean red ginseng extract has been reported to protect cells against ONOO -induced genotoxicity through modulation of p53 [41] . SG, heat-processed ginseng, was reported to have increased free radical scavenging activity as compared to dried-or steamed raw ginseng. SG showed NO, O 2 -, hydroxyl radical, and ONOO -scavenging activities [42] . Our data imply that SG exerts an antiapoptotic effect, possibly by reducing NO production through suppression of iNOS mRNA transcription.
UVB-irradiated keratinocytes produce intracellular ROS or reactive nitrogen species, inducing inflammation, apoptosis or aging, and secretion of cytokines (transforming growth factor-β, TNF-α, prostaglandin E 2 , α-melanocyte stimulating hormone, granulocyte stimulating factor, IL-1, -6, -8, and-10), stimulating fi broblasts, and melanocyte. UVB exposure also stimulates the production of prostaglandins resulting in induction of infl ammation, all of which are implicated in progress of carcinogenesis [22] . Prostaglandins are formed from arachidonic acid by several steps involved with COX-1 and -2. COX-2 is a primarily upregulated gene in response to UVB exposure in human skin [43] , and it is thought that TNF-α may be the major intermediate regulator that transduces UVB-involved signals between keratinocytes and fi broblasts. Our results implicate that SG could repair UVB-induced cell damage through an anti-infl ammatory effect due to the inhibition of TNF-α and COX-2 gene expression in keratinocytes, affecting subsequent events in fi broblasts.
Keratinocyte-fibroblast interactions are important in skin protection against UVB irradiation. Exposure to UV damages epidermal and dermal components of human skin [44] . Collagens are extracellular matrix fi brillar molecules and prominent proteins in the dermis that facilitate elasticity, tightening, cell integrity, and other functions. Interstitial collagens are synthesized and secreted as procollagens. Procollagens are cleaved and form collagen peptides followed by completion of synthesis of collagen fi bers. Dermal fi broblasts produce collagen by the expression of procollagen, fi brillin-1, and tropoelastin and inhibition of MMPs through keratinocyte-fi broblast interactions. UVB irradiation induces pro-infl ammatory cytokines such as IL-1β, TNF-α, IL-6, and IL-8 in keratinocytes and fibroblasts. These cytokines upregulate MMP production in fi broblasts in two ways. First, UVB exposure can produce IL-6, inducing MMP expression in fibroblasts in an autocrine manner. Second, UVBexposed keratinocytes secrete cytokines, which increase MMP-1 production in fibroblasts. In addition, IL-1α produced from UV-exposed keratinocytes may indirectly play a role in MMP-1 production in fibroblasts. ECM degradation mediated by MMPs leads to skin fragility, laxity, roughness, dryness, pigmentation, and wrinkle formation. IL-1 and TNF-α secreted from keratinocytes accelerate collagen degradation by inhibiting the expression of procollagen or by activating MMPs in fi broblasts. Some natural products have been reported to reduce the UVB-induced collagen degradation. Glycosidic spinasterol recovered procollagen level in the UVB exposed human dermal fibroblasts [45] . Compounds such as spinasterol might be potentially used as an agent for the protection and treatment of UV-induced skin damage. Lee et al. [46] reported that cordycepin inhibits MMP-1 and -3 gene expression and suggested cordycepin as a potent inhibitor of MMPs in post-UVB human dermal fi broblasts. Also, Radix clematidis extract is known as an inhibitor of MMP expression by suppressing NF-κB in dermal fi broblasts [47] . Our data implicate that SG could increase procollagen production directly and/or indirectly by suppressing MMP-1 gene expression and thus reducing MMP-1 production in fi broblasts, which can be in-volved in reduced TNF-α secretion by keratinocytes.
In this study, we suggest that SG has potential anticytotoxic, antioxidant, anti-infl ammatory, and anti-aging effects in UVB-irradiated HaCaT human keratinocytes and human dermal fi broblasts.
